Experimental
Materials employed were all of reagent grade, purchased from Wako Pure Chemical Industries, Ltd., and were used for the spectroscopic measurement without further purification.
The ultraviolet absorption spectra of the materials in solution near at saturated concentrations were obtained with an ultraviolet spectrophotometer (Shimadzu, UV-2100).
The apparatus for measuring the photoacoustic spectra consists of a 300 W xenon lamp, mechanical light chopper, monochromator (Nikon, P-250), photoacoustic cell with a microphone, lock-in amplifier (NF Circuit Design Block, LI-574) and a recorder. A block diagram with a brief account of the system was reported elsewhere.4 In order to normalize the power spectrum of the xenon lamp, a part of the incident light was reflected by a mirror and was led to another photoacoustic cell with a carbon black reference, the output of which was also lock-in amplified and compared with the main signal to be corrected by a computer program. The reliability of wavelength values of the photoacoustic spectra ( Fig. 1) was checked with those of a standard material, holmium(III) oxide (Ho203), which has an absorption peak at 457 nm.
Results and Discussion Figure 2 shows the photoacoustic spectra of the two purine bases and the related nucleosides and nucleotides in the spectral range between 250 and 400 nm.
Photoacoustic intensities are in arbitrary units. For the reference purpose conventional absorpion spectra of their aqueous solutions in the spectral range between 200 and 400 nm are shown in the same figure . It should be noted that the photoacoustic absorption spectra of the crystalline samples show red shifts with respect to those of solution samples.
The adenine series compounds consistently show about 17 nm red shifts, which are beyond experimental errors as confirmed with regard to holmium oxide references In guanine counterparts in general and guanine base in particular the degree of red shift is more extensive. With its predominant part the absorption spectrum of guanine practically covers the entire range of UVB band. se commonly observed here may be interpreted in terms of a general trend in solid materials due to the stronger mutual interelectronic interaction in solids and/ or in mixed crystalline state of the samples employed.
The aforementioned observations are fully compatible with the previous experimental findings reported separately by Yamada and Fukutome6 and Stewart and Davidson.' The former report dealing with ultaviolet spectra of sublimed films indicates that 260 nm bands of adenine, guanine, cytosine, thymine, and uracil are all shifted to the red probably due to a larger magnitude of polarizability in the solid samples. Similarly the latter authors reported that absorption spectrum in 260 nm region for thin single crystal section of 9-methyladenine, among others, is redshifted greatly and broadened to a certain extent.
Finally the red shifts of purine nucleotides reported in the present paper, though lesser in their extents, imply that ultraviolet absorption spectra of nucleic acids may also be shifted to the red in solid state and suggest that such red-shifted bands may contribute to the apparent broadening of ultraviolet action spectrum of bacteriophage reported by Franklin et al.8 217
